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DESCRIPTION 

MANUFACTURING METHOD OF SEMICONDUCTOR WAFER AND 
SEMICONDUCTOR WAFER MANUFACTURED BY THIS METHOD 

Cross-Reference To Related Applications 

[0001] This application claims prior ity of International 
Application No. PCT/JP2005/006268, filed March 31, 2005 and 
Japanese Application No . 2004-110634, filed April 5, 2004, 
the complete disclosures of whic h are hereby incorporated 
by reference. 

Technical Field of the Invention 

[0002] The present invention relates to a method of 
manufacturing a semiconductor wafer by forming an epitaxial 
layer on a surface of a wafer having a trench structure and 
in a trench by a vapor growth method. Further, the present 
invention relates to a semiconductor wafer manufactured by 
this method. 

Background Art 

[0003] As a manufacturing method of this type of 
semiconductor wafer, there has been conventionally 
disclosed a manufacturing method of a semiconductor 
substrate (see, e.g., Patent Reference 1) by which an 
epitaxial film is formed on a semiconductor substrate 
including the inside of a trench by an epitaxial growth 
method and etching processing with respect to a part of 
this epitaxial film and film formation processing of the 
epitaxial film are repeated more than once to fill the 
superimposed epitaxial films in the trench. 

[0004] in a semiconductor substrate manufactured by such a 
method, since an opening portion in a trench is widened by 
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performing etching processing with respect to a part of an 
epitaxial film, forming the epitaxial film in this state 
can prevent the opening portion of the trench from being 
closed. As a result, it is possible to suppress occurrence 
of an embedding defect (a cavity) in the trench. 
[00051 Patent Reference 1: Japanese Unexamined Patent 
Application Publication No. 2001-196573 (claim 4, 
Description [0015] r0042] - [0048] , Description [0016] 
[0049] . 

Disclosure of the Invention 
Problems to be Solved by the Invention 
[0006] However, in the manufacturing method of a 
semiconductor substrate disclosed in the conventional 
Patent Reference 1, since temperatures when forming 
respective epitaxial films are the same, when a 
semiconductor substrate has a low resistance, there is an 
inconvenience that a resistivity of an epitaxial film in a 
trench is affected by auto-doping from the semiconductor 
substrate to the epitaxial film and electrical 
characteristics of the semiconductor substrate are changed 
to characteristics different from desired characteristics. 
[0007] Furthermore, in the manufacturing method of a 
semiconductor substrate disclosed in the conventional 
Patent Reference 1, epitaxial growth must be carried out 
from an initial layer at a low temperature for auto-doping 
control, and hence there is a problem of a slow growth rate 
and a bad throughput. 

[0008] Moreover, in the manufacturing method of a 
semiconductor substrate disclosed in the conventional 
Patent Reference 1, since all layers from an initial layer 
to a last layer have the same growth temperature, when this 
growth temperature is high, filling a trench becomes harder 
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as trench growth advances and a trench width is narrowed, 
thus deteriorating trench filling properties. 
[0009] It is a first object of the present invention to 
provide a manufacturing method of a semiconductor wafer and 
a wafer manufactured by this method, by which a resistivity 
of an epitaxial layer in a trench can be changed in a 
stepwise manner by reducing a quantity of an impurity 
diffused in the epitaxial layer in the trench from the 
semiconductor wafer in a stepwise manner, an influence of 
auto-doping from the semiconductor wafer can be suppressed, 
the epitaxial layer can be efficiently grown, and trench 
filling properties can be improved. 

[0010] It is a second object of the present invention to 
provide a manufacturing method of a semiconductor wafer and 
a wafer manufactured by this method, by which an epitaxial 
layer can be stably and homogeneously formed in a trench 
based on a vapor growth method by removing a native oxide 
film or an organic matter formed on a surface in the trench 
or on a surface of the epitaxial layer in the trench. 
[0011] It is a third object of the present invention to 
provide a manufacturing method of a semiconductor wafer and 
a wafer manufactured by this method, by which generation of 
a void which is apt to be formed in the vicinity of a 
center of a trench can be reduced and a surface of an 
epitaxial layer formed in the trench can be smoothened. 
[0012] It is a fourth object of the present invention to 
provide a manufacturing method of a semiconductor wafer and 
a wafer manufactured by this method, by which an auto- 
doping quantity itself from the semiconductor wafer to an 
epitaxial layer can be reduced by growing the epitaxial 
layer based on a vapor growth method at a relatively low 
temperature . 
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Means for Solving the Problems 

[0013] As shown in FIGS. 1 and 2, the invention according 
to claim 1 provides a manufacturing method of a 
semiconductor wafer, wherein an epitaxial layer 17 is grown 
in a trench 16 of a semiconductor wafer 10 having a trench 
structure by gradually reducing a temperature in a 
temperature range of 4 00 to 1150°C by a vapor growth method 
or by gradually reducing a temperature and then lowering 
the temperature at a predetermined speed while supplying a 
silane gas as a raw material gas, thereby filling the 
trench 16 with the epitaxial layer 17. 

[0014] In this manufacturing method of a semiconductor 
wafer according to claim 1, since a temperature when 
forming the epitaxial layer 17 in the trench 16 by the 
vapor growth method is gradually reduced or gradually 
reduced and then lowered at the predetermined speed, a 
quantity of an impurity diffused in the epitaxial layer 17 
from the semiconductor wafer 10 is decreased in a stepwise 
manner . 

[0015] As shown in FIGS. 1 and 2, the invention according 
to claim 2 is the invention defined in claim 1 and further 
includes: a step of forming a first layer 11 on an inner 
surface of the trench 16 of the semiconductor wafer 10 at a 
first temperature in the range of 900 to 1150°C by a vapor 
growth method; a step of forming a second layer 12 on a 
surface of the first layer 11 in the trench 16 at a second 
temperature in the range of 850 to 1100°C lower than the 
first temperature by the vapor growth method; a step of 
forming a third layer 13 on a surface of the second layer 
12 in the trench 16 at a third temperature in the range of 
800 to 1050°C lower than the second temperature by the 
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vapor growth method, thereby filling the trench 16 with the 
epitaxial layer 17 consisting of the first layer 11, the 
second layer 12 and the third layer 13 . 

[0016] In the manufacturing method of a semiconductor wafer 
according to claim 2, since the first layer 11 is formed on 
the inner surface of the trench 16 at the first temperature 
by the vapor growth method and then the second layer 12 is 
formed on the surface of the first layer 11 in the trench 
16 at the second temperature lower than the first 
temperature by the vapor growth method, a diffusion 
quantity of an impurity from the semiconductor wafer 10 to 
the first layer 11 and a diffusion quantity of an impurity 
from the first layer 11 to the second layer 12 when forming 
the second layer 12 become smaller than those when forming 
the first layer 11. Additionally, since the second layer 
12 is formed on the surface of the first layer 11 in the 
trench 16 at the second temperature by the vapor growth 
method and then the third layer 13 is formed on the surface 
of the second layer 12 in the trench 16 at the third 
temperature lower than the second temperature by the vapor 
growth method, a diffusion quantity of an impurity from the 
semiconductor wafer 10 to the first layer 11, a diffusion 
quantity of an impurity from the first layer 11 to the 
second layer 12 and a diffusion quantity of an impurity 
from the second layer 12 to the third layer 13 when forming 
the third layer 13 become smaller than those when forming 
the second layer 12 . 

[0017] As shown in FIG. 1, the invention according to claim 
8 is the invention defined in one of claims 2 to 7 and is 
further characterized in that, when the semiconductor wafer 
10 is left in the air for eight hours or more in a state 
where the trench 16 has been formed in the semiconductor 
wafer 10 or in a state where the first layer 11, the second 
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layer 12 or the third layer 13 has been formed on the inner 
surface of the trench 16, the inner surface of the trench 
16 is cleansed by using a mixture of an alkaline water 
solution and hydrogen peroxide water at an etching rate of 
0.1 to 1 nm/min and then the semiconductor wafer 10 is 
dipped in fluorinated acid for 0.1 to 60 minutes and 
cleansed. 

[0018] In the manufacturing method of a semiconductor wafer 
according to claim 8, although the inner surface of the 
trench 16 or the surface of the first layer 11, the surface 
of the second layer 12 or the surface of the third layer 13 
in the trench 16 is covered with a native oxide film or an 
organic matter when the semiconductor wafer is left in the 
air for eight hours or more, the native oxide film or the 
organic matter is removed, and hence the respective layers 
11 to 13 of the epitaxial layer 17 can be stably and 
homogeneously formed by the vapor growth method. 
[0019] As shown in FIG. 1, the invention according to claim 
9 is the invention defined in claim 8 and is further 
characterized in that the semiconductor wafer 10 is dipped 
in an acidic or alkaline etchant for 0.1 to 10 minutes 
having an etching rate of 0 . 1 to 1 jam/min to increase a 
width of the trench 16 before forming the third layer 13 or 
a fourth layer which is used to completely fill the inside 
of the trench 16 of the semiconductor wafer 10. 
[0020] In the manufacturing method of a semiconductor wafer 
according to claim 9, since the third layer 13 or the 
fourth layer used to completely fill the inside of the 
trench 16 rapidly grows in the trench 16 having the 
increased width, the epitaxial layer 17 can be filled in 
the trench 16 without forming a void in the vicinity of- the 
center of the trench 16. 
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[0021] The invention according to claim 10 is the invention 
defined in claim 1 and is further characterized in that a 
preferable temperature at which the epitaxial layer is 
grown by the vapor growth method falls within a range of 
650 to 950°C. 

[0022] In the manufacturing method of a semiconductor wafer 
according to claim 10, since a temperature at which the 
epitaxial layer is grown by the vapor growth method is low, 
a quantity of auto-doping from the semiconductor wafer to 
the epitaxial layer is reduced, i.e., an impurity contained 
in the semiconductor wafer is hard to be diffused into the 
epitaxial layer. 

[0023] The invention according to claim 11 is the invention 
defined in claim 1 and is further characterized in that a 
preferable temperature at which the epitaxial layer is 
grown by the vapor growth method falls within a range of 
400°C to 650°C. 

[0024] In the manufacturing method of a semiconductor wafer 
according to claim 11, since a temperature at which the 
epitaxial layer is grown by the vapor growth method is low, 
a quantity of auto-doping from the semiconductor wafer to 
the epitaxial layer is further reduced, i.e., an impurity 
contained in the semiconductor wafer is further hard to be 
diffused into the epitaxial layer. 

[0025] As shown in FIG. 1, the invention according to claim 
12 is the semiconductor wafer 10 manufacturing by the 
method defined in one of claims 1 to 11. 

[0026] The semiconductor wafer 10 according to claim 12 
does not have a void generated in the vicinity of the 
center of the trench 16 and has desired electrical 
characteristics . 
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Effects of the Invention 

[0027] As described above, according to the present 
invention, the epitaxial layer is grown so that the 
epitaxial layer is filled in the trench by gradually 
reducing a temperature in a temperature range of 4 00 to 
1150°C based on the vapor growth method or by gradually 
reducing a temperature and then lowering the temperature at 
a predetermined speed while supplying a silane gas as a raw 
material gas into the trench of the semiconductor wafer 
having the trench structure, and hence a quantity of an 
impurity diffused into the epitaxial layer from the 
semiconductor wafer is reduced in a stepwise manner. As a 
result, a resistivity of the epitaxial layer in the trench 
can be changed in a stepwise manner, and an influence of 
auto-doping from the semiconductor wafer can be suppressed, 
thereby obtaining desired electrical characteristics. 
[0028] Further, since an initial growth temperature can be 
increased in the present invention as compared with a 
conventional semiconductor substrate manufacturing method 
by which epitaxial growth is carried out from an initial 
layer at a low temperature for auto-doping and in which a 
growth rate is slow and a throughput is bad, epitaxial 
growth can be efficiently performed. Furthermore, since 
all layers from the initial layer to the last layer have 
the same growth temperature, as compared with the 
conventional semiconductor substrate manufacturing method 
in which trench filling properties are deteriorated when a 
growth temperature is high, low- temperature conditions 
under which the trench can be readily filled can be 
realized as epitaxial growth advances and a trench width is 
narrowed in the present invention, thereby improving the 



-8- 



MARKED-UP/BOLDED SUBSTITUTE SPECIFICATION and ABSTRACT 



trench filling properties. 

[0029] Moreover, when the first layer is formed on the 
trench inner surface of the semiconductor wafer at the 
first temperature by the vapor growth method, the second 
layer is formed on the first layer surface in the trench at 
the second temperature lower than the first temperature by 
the vapor growth method, the third layer is formed on the 
second layer surface in the trench at the third temperature 
lower than the second temperature by the vapor growth 
method and the trench is filled with the epitaxial layer 
consisting of the first layer, the second layer and the 
third layer, a diffusion quantity of an impurity contained 
in the semiconductor wafer into the epitaxial layer is 
reduced in a stepwise manner from the first layer toward 
the third layer through the second layer, and hence an 
influence of auto-doping from the semiconductor wafer to 
the epitaxial layer can be suppressed, thus obtaining 
desired electrical characteristics. The present invention 
is particularly effective when the epitaxial layer is grown 
in the trench based on the vapor growth method by using the 
semiconductor wafer which aboundingly contains an impurity 
and has a low resistivity. 

[0030] When the semiconductor wafer is left in the air for 
eight hours or more in a state where the trench has been 
formed in the semiconductor wafer or in a state where the 
first layer, the second layer or the third layer has been 
formed on the trench inner surface, cleansing the trench 
inner surface by using a mixture of an alkaline wafer 
solution and hydrogen peroxide solution at an etching rate 
of 0 . 1 to 1 nm/min and then cleansing the same by using 
fluorinated acid can remove a native oxide film or an 
organic matter covering the trench inner surface, thereby 
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stably and homogeneously forming each layer in the 
epitaxial layer by the vapor growth method. 
[0031] Further, when the semiconductor wafer is dipped in 
an acidic or alkaline etchant for 0.1 to 10 minutes having 
an etching rate of 0 . 1 to 1 jam/min to increase a width of 
the trench before forming the third layer or the fourth 
layer required to completely fill the inside of the trench 
of the semiconductor wafer, the third layer or the fourth 
layer required to completely fill the inside of the trench 
rapidly grows in the trench having the increased width. As 
a result, the epitaxial layer can be filled in the trench 
without forming a void in the vicinity of the center of the 
trench . 

[0032] Furthermore, when a temperature at which the 
epitaxial layer is grown by the vapor growth method falls 
within a range of 650°C to 950°C or 400°C to 650°C, since 
the temperature at which the epitaxial layer is grown by 
the vapor growth method is low, a quantity of auto-doping 
from the semiconductor wafer to the epitaxial layer is 
reduced. As a result, desired electrical characteristics 
of the semiconductor wafer can be obtained. 
[0033] Moreover, the semiconductor wafer manufactured by 
the above -described method does not have a void generated 
in the vicinity of the center of the trench, and has 
desired electrical characteristics . 

Brief Description of the Drawings 

[0034] FIG. 1 is a cross-sectional view of a primary part 
showing the inside of a trench of a semiconductor wafer 
according to a first embodiment of the present invention. 
[0035] FIG. 2 is a view showing temperature conditions 
under which the semiconductor wafer is manufactured. 
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[0036] FIG. 3 is a cross-sectional view of a primary part 
showing the inside of a trench of a semiconductor wafer 
according to a second embodiment of the present invention. 
[0037] FIG. 4 is a view showing temperature conditions 
under which the semiconductor wafer is manufactured. 
[0038] FIG. 5 is a cross-sectional view of a primary part 
showing the inside of a trench of a semiconductor wafer 
according to a third embodiment of the present invention. 
[0039] FIG. 6 is a view showing temperature conditions 
under which the semiconductor wafer is manufactured. 
[0040] FIG. 7 is a cross-sectional view of a primary part 
showing the inside of a trench of a semiconductor wafer 
according to a fourth embodiment of the present invention. 
[0041] FIG. 8 is a view showing temperature conditions 
under which the semiconductor wafer is manufactured. 

Reference Numerals 



[0042] 


10, 


20, 


30, 


40 


silicon wafer 


[0043] 


ii, 


21, 


31, 


41 


first layer 


[0044] 


12, 


22 , 


32, 


42 


second layer 


[0045] 


13, 


23, 


33, 


43 


third layer 


[0046] 


24, 


44 


fourth 


layer 


[0047] 


16, 


26, 


36, 


46 


trench 


[0048] 


17, 


27, 


37, 


47 


epitaxial layer 



Best Mode for Carrying out the Invention 

[0049] The best mode for carrying out the present invention 
will now be described hereinafter with reference to the 
accompanying drawings . 

<First Embodiment> 
[0050] As shown in FIGS. 1 and 2, after a trench 16 is 
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formed on a surface of a silicon wafer 10 by a photo- 
etching method, an epitaxial layer 17 is grown on the 
surface of this wafer 10 and in the trench 16 by gradually 
reducing' a temperature in a temperature range of 400 to 
1150°C based on a vapor growth method while supplying a 
silane gas as a raw material gas. As a result, the surface 
of the wafer 10 is covered with the epitaxial layer 17, and 
the epitaxial layer 17 is filled in the trench 16. Here, 
the entire temperature range when growing the epitaxial 
layer 17 by the vapor growth method is restricted to the 
range of 400 to 1150°C because there is a problem such as 
polycrystallization or an increase in defects when the 
temperature is less than 4 0 0°C and there is another problem, 
i.e., deterioration in a profile due to auto-doping when 
the temperature exceeds 1150°C. Specifically, the wafer 10 
is first put into a reactor, and a first layer 11 is formed 
on the surface of the wafer 10 and an inner surface of the 
trench 16 at a first temperature in the range of 900 to 
1150°C, preferably, 950 to 1100°C by the vapor growth 
method. Here, the first temperature is restricted to the 
range of 900 to 1150°C because there is a problem such as 
polycrystallization or an increase in defects when the 
temperature is less than 900°C and there is another problem, 
i.e., deterioration in a profile due to auto-doping when 
the temperature exceeds 1150°C. 

[0051] As the vapor growth method, there is a chemical 
vapor deposition method (a CVD method) , a physical vapor 
deposition method (a PVD method) or the like, but it is 
preferable to grow the epitaxial layer 17 by the CVD method 
in view of its crystallinity , mass productivity, simplicity 
of an apparatus, easiness of formation of various device 
structures and others. Additionally, a monosilane gas 
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(SiH 4 ) , a disilane gas (Si 2 H 6 ) , a trichlorosilane gas 
(SiHCl 3 ) / a dichlorosilane gas (SiH 2 Cl 2 ) , a monochlorosilane 
gas (SiH 3 Cl) or a silicon tetrachloride gas (SiCl 4 ) as the 
silane gas is introduced together with a hydrogen gas (H 2 ) 
into the reactor when growing the epitaxial layer 17 by the 
CVD method in such a manner that a pressure in the reactor 
becomes 1.3xl0" 5 to l.OxlO" 1 MPa. As a result, the raw 
material gas is thermally decomposed or reduced, and 
silicon is separated out on the surface of the wafer 10 and 
the inner surface of the trench 16, thereby forming the 
epitaxial layer 17. 

[0052] Further, assuming that a width of the trench 16 is W, 
a thickness w x of the first layer 11 is set in a range of 

(W/2 0) <W!<(W/10) , preferably, (W/15) <wx< (W/12 ) . Here, the 
thickness w x of the first layer 11 is restricted to the 
range of (W/2 0 ) <w x < (W/10 ) because there is a problem, i.e., 
an increase in defects due to wafer surface properties when 
the thickness is less than W/20 and there is another 
problem, i.e., occurrence of deterioration in a profile due 
to auto-doping when the thickness exceeds W/10. It is to 
be noted that the thickness of the first layer 11 is 
determined based on a temperature and a pressure in the 
reactor, a flow quantity of the raw material gas introduced 
into the reactor, a reaction time with the raw material gas 
of the wafer 10 and others. 

[0053] Then, growth of the first layer 11 is stopped, and a 
second layer 12 is formed on a surface of the first layer 
11 on the wafer 10 and the surface of the first layer 11 in 
the trench 16 by the vapor growth method in a state where a 
temperature in the reactor has been reduced to a second 
temperature in the range of 850 to 1100°C, preferably, 900 
to 1050°C lower than the first temperature. It is 
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preferable to form the second layer 12 by the same method 
as that of the first layer 11. Here, the second 
temperature is restricted to the range of 850 to 1100°C 
because there is a problem such as polycrystallization or 
an increase in defects when the temperature is less than 
850°C and there is another problem, i.e., occurrence of 
deterioration in a profile due to auto-doping when the 
temperature exceeds 1100°C. Furthermore, a thickness w 2 of 
the second layer 12 is set to (W/10) <w 2 < (W/5) , 
preferably , (W/8) <w 2 < (W/6) . Here, the thickness w 2 of the 
second layer 12 is restricted to the range of 
(W/10) <w 2 < (W/5) because there is a problem, i.e., an 
increase in defects when the thickness is less than W/10 
and there is another problem, i.e., occurrence of 
deterioration in a profile due to auto-doping when the 
thickness exceeds W/5. 

[0054] Furthermore, growth of the second layer 12 is 
stopped, and a third layer 13 is formed on a surface of the 
second layer 12 on the wafer 10 and the surface of the 
second layer 12 in the trench 16 by the vapor growth method 
in a state where the temperature in the reactor has been 
reduced to a third temperature in the range of 800 to 
1050°C, preferably, 850 to 1000°C lower than the second 
temperature so that the epitaxial layer 17 consisting of 
the first layer 11, the second layer 12 and the third layer 
13 is filled in the trench 16. It is preferable to form 
the third layer 13 by the same method as those of the first 
layer 11 and the second layer 12. Here, the third 
temperature is restricted to the range of 800 to 1050°C 
because there is a problem such as polycrystallization or 
an increase in defects when the temperature is less than 
800°C and there is another problem, i.e., deterioration in 
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a profile due to auto-doping when the temperature exceeds 
1050°C. Assuming that a thickness of the third layer 13 is 
w 3 , 2w 3 =W-2 (wi+w 2 ) is achieved. 

[0055] It is to be noted that the semiconductor wafer is 
dipped in an acidic or alkaline etchant having an etching 
rate of 0 . 1 to 1 |im/min, preferably, 0.2 to 0.5 jam/min for 
0.1 to 10 minutes, preferably, 5 to 8 minutes to increase a 
width of the trench 16 after forming the second layer 12 on 
the surface of the wafer 10 and in the trench 16 and before 
forming the third layer 13. As a result, since the third 
layer 13 required to completely fill the inside of the 
trench 16 rapidly grows in the trench 16 having the 
increased width, the epitaxial layer 17 can be filled in 
the trench 16 without forming a void in the vicinity of a 
center of the trench 16. Here, the etching rate is 
restricted to the range of 0 . 1 to 1 fim/min because there is 
a problem of an increase in an etching processing time when 
the etching rate is less than 0.1 jam/min and there is 
another problem of making it difficult to control in wet 
etching when the etching rate exceeds 1 fim/min. 
Furthermore, the dipping time in the acidic or alkaline 
etchant is restricted to the range of 0.1 to 10 minutes 
because there is a problem that the trench is not 
sufficiently opened when the dipping time is less than 0.1 
minute and there is another problem that a trench shape 
collapses when the dipping time exceeds 10 minutes. 
[0056] Moreover, when the semiconductor wafer 10 is left in 
the air for eight hours or more after forming the trench 16 
in the wafer 10 and before forming the first layer 11, or 
after forming the first layer 11 and before forming the 
second layer 12, or after forming the second layer 12 and 
before forming the third layer 13, the inner surface of the 
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trench 16 is cleansed by using a mixture of an alkaline 
water solution and hydrogen peroxide solution at an etching 
rate of 0 . 1 to 1 nm/min, preferably, 0.3 to 0.8 nm/min and 
then the semiconductor wafer is dipped in fluorinated acid 
for 0.1 to 60 minutes, preferably, 2 to 4 minutes and 
cleansed. This dipping time in the fluorinated acid is 
restricted to the range of 0.1 to 60 minutes because the 
surface of the wafer 10 or the inner surface of the trench 
16 is covered with a native oxide film or an organic matter, 
and the first to third layers 11 to 13 of the epitaxial 
layer 17 is stably and homogeneously formed by removing the 
native oxide film or the organic matter. Here, the etching 
rate is restricted to the range of 0 . 1 to 1 nm/min because 
there is a problem of an increase in an etching processing 
time when the etching rate is less than 0.1 nm/min and 
there is another problem such as occurrence of particles or 
a roughened surface when the etching rate exceeds 1 nm/min. 
[0057] In the thus manufactured silicon wafer 10, since the 
first layer 11 is formed on the surface of the wafer 10 and 
the inner surface of the trench 16 at the first temperature 
by the vapor growth method and then the second layer 12 is 
formed on the surface of the first layer 11 on the wafer 10 
and the surface of the first layer 11 in the trench 16 at 
the second temperature lower than the first temperature by 
the vapor growth method, a diffusion quantity of an 
impurity from the wafer 10 to the first layer 11 and a 
diffusion quantity of an impurity from the first layer 11 
to the second layer 12 when forming the second layer 12 are 
smaller than those when forming the first layer 11. 
Additionally, since the second layer 12 is formed on the 
surface of the first layer 11 on the wafer 10 and the 
surface of the first layer 11 in the trench 16 at the 
second temperature by the vapor growth method and then the 
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third layer 13 is formed on the surface of the second layer 
12 on the wafer 10 and the surface of the second layer 12 
in the trench 16 at the third temperature lower than the 
second temperature by the vapor growth method, a diffusion 
quantity of an impurity from the wafer 10 to the first 
layer 11, a diffusion quantity of an impurity from the 
first layer 11 to the second layer 12 and a diffusion 
quantity of an impurity from the second layer 12 to the 
third layer 13 when forming the third layer 13 are smaller 
than those when forming the second layer 12. As a result, 
since a diffusion quantity of an impurity contained in the 
wafer 10 into the epitaxial layer 17 is reduced in a 
stepwise manner from the first layer 11 toward the third 
layer 13 through the second layer 12, an influence of auto- 
doping from the wafer 10 to the epitaxial layer 17 can be 
suppressed, thereby obtaining desired electrical 
characteristics. The present invention is particularly 
effective when growing the epitaxial layer 17 on the. 
surface of the wafer 10 and in the trench 16 based on the 
vapor grow method using the wafer 10 having a low 
resistivity in which a large quantity of an impurity such 
as boron is doped. 

<Second Embodiment > 

[0058] FIGS. 3 and 4 show a second embodiment according to 
the present invention. 

[0059] In this embodiment, first to fourth layers 21 to 24 
are formed on a surface of a silicon wafer 2 0 and an inner 
surface of a trench 26 by a vapor growth method while 
supplying a silane gas as a raw material gas. The first to 
third layers 21 to 23 are formed like the first to third 
layers in the first embodiment. Specifically, the wafer 20 
is first put into a reactor, and the first layer 21 is 
formed on the surface of the wafer 2 0 and the inner surface 
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of the trench 26 at a first temperature in the range of 900 
to 1150°C, preferably, 950 to 1100°C by the vapor growth 
method. Assuming that a width of the trench 26 is W, a 
thickness w ± of this first layer 21 is set in a range of 
(W/20)<w x <(W/l0) , preferably, (W/15) <w x < (W/12) . Then, 
growth of the first layer 21 is stopped, and the second 
layer 22 is formed on a surface of the first layer 21 on 
the wafer 20 and the surface of the first layer 21 in the 
trench 2 6 by the vapor growth method in a state where a 
temperature in the reactor has been reduced to a second 
temperature in the range of 850 to 1100°C, preferably, 900 
to 1050°C lower than the first temperature. A thickness w 2 
of this second layer 22 is set to (W/10) <w 2 < (W/5) , 
preferably, (W/8) <w 2 < (W/6) . 

[0060] Subsequently, growth of the second layer 22 is 
stopped, and the third layer 23 is formed on a surface of 
the second layer 22 on the wafer 2 0 and the surface of the 
second layer 22 in the trench 2 6 by the vapor growth method 
in a state where the temperature in the reactor has been 
reduced to a third temperature falling with a range of 800 
to 1050°C, preferably, 850 to 1000°C lower than the second 
temperature. A thickness w 3 of this third layer 23 is set 
to (W/10) <w 3 < (W/5) , preferably, (W/8) <w 3 < (W/6) . Here, the 
thickness w 3 of the third layer 23 is restricted to the 
range of (W/10) <w 3 < (W/5) because there is a problem of an 
increase in defects when the thickness is less than W/10 
and there is another problem of occurrence of deterioration 
in a profile due to auto-doping when the thickness is not 
smaller than W/5. Further, growth of the third layer 23 is 
stopped, and the fourth layer 24 is formed on a surface of 
the third layer 23 on the wafer 20 and the surface of the 
third layer 23 in the trench 26 by the vapor growth method 
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in a state where the temperature in the reactor has been 
reduced to a fourth temperature in the range of 750 to 
1000°C, preferably, 800 to 950°C lower than the third 
temperature, thereby filling an epitaxial layer 27 
consisting of the first layer 21, the second layer 22, the 
third layer and the fourth layer 24 in the trench 26. It 
is preferable to form the fourth layer 24 by the same 
method as those of the first to third layers 21 to 23. 
Here, the fourth temperature is restricted to the range of 
750 to 1000°C because there is a problem of 
polycrystallization or an increase in defects when the 
temperature is less than 750°C and there is another problem 
of auto -doping when the temperature exceeds 100 0°C. 
Assuming that a thickness of the fourth layer 24 is w 4/ 
2w 4 =W-2(w 1 +w 2 +w 3 ) is achieved. Any other structure is the 
same as that in the first embodiment. 

[0061] It is to be noted that the silicon wafer is dipped 
in an acidic or alkaline etchant having an etching rate of 
0.1 to 1 jim/min, preferably, 0.2 to 0.5 jam/min for 0.1 to 
10 minutes, preferably, 5 to 8 minutes to increase a width 
of the trench 2 6 after forming the third layer 23 on the 
surface of the wafer 2 0 and in the trench 2 6 and before 
forming the fourth layer 24. As a result, the fourth layer 
24 required to completely fill the trench 26 rapidly grows 
in the trench 2 6 having the increased width, and hence the 
epitaxial layer 27 can be filled in the trench 26 without 
forming a void in the vicinity of a center of the trench 26. 
[0062] Furthermore, when the silicon wafer is left in the 
air for eight hours or more after forming the trench 2 6 in 
the wafer 2 0 and before forming the first layer 21, or 
after forming the first layer 21 and before forming the 
second layer 22, or after forming the second layer 22 and 



-19- 



MARKED-UP/BOLDED SUBSTITUTE SPECIFICATION and ABSTRACT 



before forming the third layer 23, or after forming the 
third layer 23 and before forming the fourth layer 24, the 
inner surface of the trench 26 is cleansed by using a 
mixture of an alkaline water solution and hydrogen peroxide 
solution at an etching rate of 0 . 1 to 1 nm/min, preferably, 
0.5 to 0.8 nm/min, and then it is cleansed by using 
fluorinated acid. This is performed since the surface of 
wafer 20 or the inner surface of the trench 26 is covered 
with a native oxide film or an organic matter due to the 
left state, and the first to fourth layers 21 to 24 of the 
epitaxial layer 2 7 are stably and homogeneously formed by 
removing the native oxide film or the organic matter. 
[0063] In the thus manufactured silicon wafer 20, since the 
second layer 22 is formed on the surface of the first layer 
21 on the wafer 2 0 and the surface of the first layer 21 in 
the trench 2 6 at the second temperature lower than the 
first temperature by the vapor growth method after forming 
the first layer 21 on the surface of the wafer 2 0 and the 
inner surface of the trench 26 at the first temperature by 
the vapor growth method, a diffusion quantity of an 
impurity from the wafer 20 to the first layer 21 and a 
diffusion quantity of an impurity from the first layer 21 
to the second layer 22 when forming the second layer 22 are 
smaller than those when forming the first layer 21. 
Furthermore, since the third layer 23 is formed on the 
surface of the second layer 22 on the wafer 2 0 and the 
surface of the second layer 22 in the trench 2 6 at the 
third temperature lower than the second temperature by the 
vapor growth method after forming the second layer 22 on 
the surface of the first layer 21 on the wafer 20 and the 
surface of the first layer 21 in the trench at the second 
temperature by the vapor growth method, a diffusion 
quantity of an impurity from the wafer 20 to the first 
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layer 21, a diffusion quantity of an impurity from the 
first layer 21 to the second layer 22 and a diffusion 
quantity of an impurity from the second layer 22 to the 
third layer 23 when forming the third layer 23 are smaller 
than those when forming the second layer 22. Moreover, 
since the fourth layer 24 is formed on the surface of the 
third layer 2 3 on the wafer 2 0 and the surface of the third 
layer 2 3 in the trench 2 6 at the fourth temperature lower 
than the fourth temperature by the vapor growth method 
after forming the third layer 23 on the surface of the 
second layer 22 on the wafer and the surface of the second 
layer 22 in the trench 26 at the third temperature by the 
vapor growth method, a diffusion quantity of an impurity 
from the wafer 20 to the first layer 21, a diffusion 
quantity of an impurity from the first layer 21 to the 
second layer 22, a diffusion quantity of an impurity from 
the second layer 22 to the third layer 23 and a diffusion 
quantity of an impurity from the third layer 23 to the 
fourth layer 24 when forming the fourth layer 24 are 
smaller than those when forming the third layer 23. As a 
result, since the diffusion quantity of an impurity 
contained in the wafer 2 0 to the epitaxial layer 2 7 is 
reduced in a stepwise manner from the first layer 21 toward 
the fourth layer 24 through the second layer 22 and the 
third layer 23, an influence of auto-doping from the wafer 
20 to the epitaxial layer 27 can be further suppressed as 
compared with the first embodiment, thereby obtaining 
desired electrical characteristics. The present invention 
is particularly effective when growing the epitaxial layer 
2 7 on the surface of the wafer 2 0 and in the trench 2 6 
based on the vapor growth method using the wafer 2 0 having 
a low resistivity in which a large quantity of an impurity 
such as boron is doped. 
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<Third Embodiment > 

[0064] FIGS. 5 and 6 show a third embodiment according to 
the present invention. 

[0065] In this embodiment, first to third layers 31 to 33 
are formed on a surface of a silicon wafer 30 and an inner 
surface of a trench 3 6 by a vapor growth method while 
supplying a silane gas as a raw material gas. The first 
and the second layers 31 and 3 2 are formed like the first 
and second layers in the first embodiment. Specifically, 
the wafer 30 is first put into a reactor, and the first 
layer 31 is formed on the surface of the wafer 3 0 and the 
inner surface of the trench 3 6 at a first temperature in 
the range of 900 to 1150°C, preferably, 950 to 1100°C by a 
vapor growth method. Assuming that a width of the trench 
36 is W, a thickness w x of this first layer 31 is set to a 
range of (W/2 0 ) <w x < (W/10) , preferably, (W/15 ) <w x < (W/12 ) . 
Then, growth of the first layer 31 is stopped, and the 
second layer 32 is formed on a surface of the first layer 
31 on the wafer 30 and the surface of the first layer 31 in 
the trench 3 6 in a state where a temperature in the reactor 
has been reduced to a second temperature in the range of 
850 to 1100°C, preferably, 900 to 1050°C lower than the 
first temperature. A thickness w 2 of this second layer 32 
is set to (W/10) <w 2 <(W/5) , preferably, (W/8) <w 2 < (W/6) . 
[0066] Moreover, growth of the second layer 32 is stopped, 
and the third layer 33 is formed on a surface of the second 
layer 32 on the wafer 30 and the surface of the second 
layer 32 in the trench 3 6 by the vapor growth method while 
reducing the temperature to reach 800°C from the second 
temperature at a speed of 1 to 100°C/min, preferably, 6 to 
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10°C/min / thereby filling an epitaxial layer 37 consisting 
of the first layer 31, the second layer 32 and the third 
layer 33 in the trench 36. Here, the speed for reducing 
temperature when forming the third layer 33 is restricted 
to the range of 1 to 100°C/min because there is a problem 
of an increase in a growth time when the speed for reducing 
temperature is less than l°C/min and there is another 
problem of occurrence of a defect when the speed for 
reducing temperature exceeds 100°C. Additionally, the 
minimum temperature when forming the third layer 33 is 
restricted to 800°C because the epitaxial layer 37 does not 
grow on the surface of the wafer 3 0 and the inner surface 
of the trench 36 when the minimum temperature is less than 
800°C. Assuming that a thickness of the third layer 33 is 
w 3 , 2w 3 =W-2 (wi+w 2 ) is achieved. Any other structure is the 
same as that in the first embodiment . 

[0067] In the thus manufactured silicon wafer 30, the third 
layer 33 has characteristics of profile uniformity superior 
to those of the third layer in the first embodiment. Any 
other operation is substantially the same as the operation 
in the first embodiment, thereby eliminating the 
tautological explanation . 

<Fourth Embodiment > 

[0068] FIGS . 7 and 8 show a fourth embodiment according to 
the present invention. 

[0069] In this embodiment, first to fourth layers 41 to 44 
are formed on a surface of a silicon wafer 4 0 and an inner 
surface of a trench 4 6 by a vapor growth method while 
supplying a silane gas as a raw material gas. The first to 
third layers 41 to 43 are formed like the first to third 
layers in the second embodiment. Specifically, the wafer 
40 is first put into a reactor, and the first layer 41 is 



-23- 



MARKED-UP/BOLDED SUBSTITUTE SPECIFICATION and ABSTRACT 



formed on the surface of the wafer 4 0 and the inner surface 
of the trench 46 at a first temperature in the range of 900 
to 1150°C, preferably, 950 to 1100°C by the vapor growth 
method. Assuming that a width of the trench is W, a 
thickness w x of this first layer 41 is set to a range of 
(W/20)<W!<(W/10) , preferably, (W/15 ) <w x < (W/12 ) . Then, 
growth of the first layer 41 is stopped, and the second 
layer 42 is formed on a surface of the first layer 41 on 
the wafer 40 and the surface of the first layer 41 in the 
trench 4 6 in a state where a temperature in the reactor has 
been reduced to a second temperature in the range of 850 to 
1050°C, preferably, 900 to 1000°C lower than the first 
temperature. A thickness w 2 of this second layer 42 is set 
to (W/10)<w 2 <(W/5) , preferably, (w/8 ) <w 2 < (W/6 ) . 
[0070] Then, growth of the second layer 42 is stopped, and 
the third layer 43 is formed on a surface of the second 
layer 42 on the wafer 40 and the surface of the second 
layer 42 in the trench 46 by the vapor growth method in a 
state where the temperature in the reactor has been reduced 
to a third temperature in the range of 800 to 1000°C, 
preferably, 850 to 950°C lower than the second temperature. 
A thickness w 3 of this third layer 43 is set to 
(W/10) <w 3 <(W/5) , preferably, (W/8) <w 3 < (W/6) . Moreover, 
growth of the third layer 43 is stopped, and the fourth 
layer 44 is formed on a surface of the third layer 43 on 
the wafer 4 0 and the surface of the third layer 43 in the 
trench 4 6 by the vapor growth method while reducing the 
temperature to reach 750°C from the third temperature at a 
speed of 1 to 100°C/min, preferably, 6 to 10°C/min, thereby 
filling an epitaxial layer 47 consisting of the first layer 
41, the second layer 42, the third layer 43 and the fourth 
layer 44 in the trench 46. Here, the speed for reducing 
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temperature when forming the fourth layer 44 is restricted 
to the range of 1 to 100°C/min because there is a problem 
of an increase in a growth time when the speed for reducing 
temperature is less than l°C/min and there is another 
problem of an increase in defects when the speed for 
reducing temperature exceeds 100°C. Additionally, the 
minimum temperature when forming the fourth layer 44 is 
restricted to 750°C because the epitaxial layer 47 does not 
grow on the surface of the wafer 4 0 and the inner surface 
of the trench 46 when the minimum temperature is less than 
750°C. Assuming that a thickness of the fourth layer 44 is 
w 4 , 2w 3 =W-2 (w!+W2+w 3 ) is achieved. Any other structure is 
the same as that in the second embodiment . 
[0071] In the thus manufactured silicon wafer 40, the 
fourth layer 44 has characteristics of a dopant profile 
superior to those of the fourth layer in the third 
embodiment. Any other operation is substantially the same 
as the operation in the second embodiment, thereby 
eliminating the tautological explanation. 

[0072] It is to be noted that the entire temperature range 
when allowing the epitaxial layer to grow in the trench of 
the semiconductor wafer by the vapor growth method is 750 
to 1150°C in the first to fourth embodiments, but this 
range may be 650 to 950°C. Specifically, when forming the 
epitaxial layer consisting of the first layer, the second 
layer and the third layer, the first temperature is set to 
850 to 950°C, the second temperature is set to 750 to 850°C 
lower than the first temperature, and the third temperature 
is set to 650 to 750°C lower than the second temperature. 
Further, when forming the epitaxial layer consisting of the 
first layer, the second layer, the third layer and the 
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fourth layer, the first temperature is set to 850 to 950°C, 
the second temperature is set to 800 to 9 0 0°C lower than 
the first temperature, the third temperature is set to 750 
to 850°C lower than the second temperature, and the fourth 
temperature is set to 650 to 800°C lower than the third 
temperature. in such cases, since the temperature at which 
the epitaxial layer is grown by the vapor growth method is 
low, a quantity of auto-doping from the semiconductor wafer 
to the epitaxial layer is reduced, thereby obtaining 
excellent electrical characteristics. 

10073] Further, although the entire temperature range when 
allowing the epitaxial layer to grow in the trench of the 
semiconductor wafer by the vapor growth method is 750 to 
1150°C in the first to fourth embodiments, this temperature 
range may be 400 to 650°C. Specifically, when forming the 
epitaxial layer consisting of the first layer, the second 
layer and the third layer, the first temperature is set to 
500 to 650°C, the second temperature is set to 450 to 600°C 
lower than the first temperature, and the third temperature 
is set to 4 00 to 550°C lower than the second temperature. 
Furthermore, when forming the epitaxial layer consisting of 
the first layer, the second layer, the third layer and the 
fourth layer, the first temperature is set to 550 to 650°C, 
the second temperature is set to 500 to 600°C lower than 
the first temperature, the third temperature is set to 450 
to 550°C lower than the second temperature, and the fourth 
temperature is set to 400 to 500°C lower than the third 
temperature. In such cases, since the temperature at which 
the epitaxial layer is grown by the vapor growth method is 
further low, a quantity of auto-doping from the 
semiconductor wafer to the epitaxial layer is further 
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reduced, thereby obtaining more excellent electrical 
characteristics . 

[0074] Furthermore, although the silicon wafer has been 
exemplified as the semiconductor wafer in the first to 
fourth embodiments, it may be a GaAs wafer, an InP wafer, a 
ZnS wafer or a ZnSe wafer. 

[0075] Moreover, although the epitaxial layer consisting of 
the three layers is formed in the trench in the first and 
third embodiments and the epitaxial layer consisting of the 
four layers is formed in the trench in the second and 
fourth embodiments, an epitaxial layer consisting of two 
layers or five or more layers may be formed in the trench. 

Industrial Applicability 

[0076] The present invention can be applied to obtain 
desired electrical characteristics of a semiconductor wafer 
by changing a resistivity of an epitaxial layer in a trench 
in a stepwise manner and suppressing an influence of auto- 
doping with respect to the semiconductor wafer. In 
particular, the present invention is. effective when growing 
an epitaxial layer on a surface of a semiconductor wafer 
and in a trench based on a vapor growth method using the 
semiconductor wafer having a low resistivity in which a 
large quantity of an impurity such as boron is doped. 
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ABSTRACT 



[0077] A resistivity of an epitaxial layer in a trench is 
changed in a stepwise manner by reducing a quantity of an 
impurity diffused into the epitaxial layer in the trench 
from a semiconductor wafer in a stepwise manner, thereby 
suppressing an influence of auto-doping from the 
semiconductor wafer. An epitaxial layer 17 is grown in a 
trench 16 of a semiconductor wafer 10 having a trench 
structure by gradually reducing a temperature in a 
temperature in the range of 400 to 1150°C by a vapor growth 
method while supplying a silane gas as a raw material gas, 
thereby filling the epitaxial layer 17 in the trench 16. 



